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The activities associated with this project may be divided into two
groups; (a) development of a high-power 10.7-cm pulsed magnetron, and
(b) investigations of several characteristics of magnetrons which are im-
portant to the attainment of high-power. Progress in these two categories
during the preceding three months is reported below.
A. HIGH-POWER 10.7-CM MAGNETRON
1. Testing and Design
The first operating tube, designated as MF-4, operated at a maximum
input of 8 megawatts and a corresponding output of 4.75 megawatts. The
magnetic field was 2300 gauss. After approximately 50 hours of operation,
the cathode heater developed an open circuit and further operation was
prevented.
A post-mortem on the tube gave some interesting information. It was
found that the two spot welds made in mounting the heater had broken,
causing the open circuit. The barium-strontium-oxide emitting surface
seemed to be unevenly pitted, indicating that sparking occurred more
frequently on certain areas than on others. The nickel screen was exposed
over most of its area, showing that considerable erosion had taken place cn
the cathode.
Examination of the output section showed a uniform green discoloration
which has been tentatively identified as copper oxide. It is presumed that
the vacuum in the tube was poorer than had been expected. Supporting facts
for this conclusion were the long break-in period required for MF-4, the
"oxide" layer, and an accident which occurred when the tube was sealed-off.
The ceramic window was in good condition except for one spot near its
perimeter where there was a small crater with a very smooth surface. It is
assumed that this resulted from some localized effect, since no piece of
ceramic could be found when the tube was opened. It seems quite possible
that vaporized ceramic material may have contributed to the observed dis-
coloration of the output section.
Immediately after the failure of MF-4, MF-5 was placed on the test
bench. At first the tube was connected directly to the modulator, in paral-
lel with a resistance load. The initial sparking was a minimum and the
voltage limit of the modulator alone was reached after an aging of several
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hours. This period of aging for MF-5 was very much shorter than the simi-
lar period for MF-4. Voltage was then applied to the tube by means of a
1:2-1/4 step-up transformer.
MF-5 has been operated at 35,000 volts, 150 amperes, at a magnetic
field of 2100 gauss. The power output for a pulse width of 1.5 micro-
seconds was 2.5 megawatts. Further progress has been limited by sparking
at the iris inside the pressurized test system. Attempts are now in prog-
ress to limit the sparking at the iris. MF-5 has now been in operation for
approximately 25 hours.
The ceramic window has been redesigned, constructed and tested. The
dimensions are 2 1/2-inch diameter and 1/8-inch thickness. At resonance,
the voltage standing-wave ratio is 1.11 with a Q of about 5.
In connection with window design, r-f measurements of various-sized
windows indicated an extraneous resonance appearing at the desired resonant
frequency. This was eliminated by decreasing the clearance between the
tube output assembly and the window holder.
Using the newly designed resonant window and holder, some cold-test
measurements were made on the next tube to be constructed, MF-6. The
loaded Q of this tube was found to be about 300, which is considerably
larger than the desired value of 250. In order to remedy this condition,
the MF-5 design of the quarter-wave output transformer will be altered on
future tubes to give the desired coupling to the load. This change will
not be incorporated in MF-6, the assembly of which has already begun.
2. Thoria Cathodes
Several cathodes of 0.860-inch diameter and 0.040-inch wall thickness,
after firing, have been pressed with the new split-segment die in develop-
ing a suitable pressing technique. A mixture of Glycowax S-932 in carbon
tetrachloride or of Carbowax and ethyl alcohol was found satisfactory as
die-wall lubrication. The quality of the pressing depended a great deal
on the uniformity of the lubricating film.
When using Glycowax, it was found necessary to degrease thoroughly the
compact to prevent reaction when sintering in the hydrogen furnace. No
such process was necessary with the Carbowax. On firing, all the cathodes
developed cracks along the segment junctions of the die. This is believed
to be caused by the poor fit of the segments in the die. The machine shop
is now correcting this defect. Otherwise the split die showed great im-
provement over the solid die, both in ease of operation and lower percent-
age of failures in pressing.
Work has resumed on the high-temperature vacuum furnace. A self-
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supported molybdenum-ribbon heating element and a molybdenum heat shield
are being constructed. The pumping leads have been greatly shortened,
thus reducing the pumping time considerable. The objective here is to
allow tantalum end pieces, which are much more ductile than molybdenum, to
be brazed to the cathode.
3. Auxiliary Equipment
a. 20-Megawatt Pulse Transformer
A 20-megawatt pulse transformer has been designed, with the help of
Dr. W. H. Bostick, to meet the following specifications:
Pulse Duration: 5 microseconds,
Repetition Rate: 120 pps;
Peak Voltage: 20 kv primary, 80 kv secondary;
Peak Current: 1000 amp primary, 250 amp secondary;
Core: Two loops in parallel of 0.003-inch Hipersil;
window, 4 11/16-inch x 1 3/4-inch; width of strip,
1 5/8-inch; buildup, 1 1/2-inch.
The secondary bi-filar winding is designed to carry current up to
6 amperes and up to 540 volts, 60 cycles for heating the cathode. Detailed
design information has been furnished to a transformer-construction company
for a cost estimate.
The cathode-heater power requirement for a directly heated thoria
cathode in the high-power magnetron is estimated to be about 2050 watts.
Experimental data suggest a wide range of possible values for the resistance
of such a cathode. Estimated possible values of cathode resistance range
from 0.17 to 2.9 ohms, corresponding to a current range of 110 to 26.6 am-
peres and to a voltage range of 18.6 to 77 volts respectively. In any case,
the required current was considered to be too great for the secondary
windings of the pulse transformer. Therefore, the use of a step-down trans-
former, with core and case isolated from ground, has been planned for the
high-voltage side of the pulse transformer, so that a much smaller current-
carrying capacity is required in the secondary windings of the pulse trans-
former. A simplified schematic diagram of the heater-supply circuit is
shown in Figure VII-1, and a schematic diagram of filament-transformer
windings is shown in Figure VII-2. In order to accomodate the wide range
of possible values of cathode resistance, this transformer was designed to
have four separate secondary windings, and a tap on the primary, so that
connections can be changed to give a variety of turns ratios, with success-
ive ratios differing by a factor of 2. It is expected that an order will
be placed for this transformer as soon as a cost estimate is available.
b. New Vacuum System
A new vacuum system has been designed and is now under construction.
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This system will permit operation of the tube while on the pump and thus
provide a more thoroughly processed tube when the seal-off operation is
completed. The components of this system, in addition to the pumping
section,include: (a) a large-sized iron-framed table, (b) a rolling, 1000-
pound 3500-gauss electromagnet, (c) a magnetron output-coupling section,
(d) a pressurized waveguide assembly, and (e) a high-temperature oven
large enough to accomodate the tube. Some of these components have been
delivered and others are expected shortly.
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Fig. VII-1 Simplified schematic diagram of heater-supply circuit. Nominal ratings:
primary - 6.5 amp, 764 volts; maximum 543 volts to tap; secondary - (each winding) 32.5
amp, 38.2 volts.
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Fig. VII-2 Schematic diagram of
step-down transformer.
c. 20-Megawatt Modulator
Difficulties have been experienced with the high-power modulator used
in testing the tube. This modulator was constructed by the Radiation
Laboratory and was just completed at the end of the war. Apparently the
unit was not adequately tested to see that it met design specifications.
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For example, the pulses of nominal length of 1 and 2 microseconds were
measured and found to be 1.7 and 3.6 microseconds, respectively. In
addition, the pulse shape of the "1-microsecond" pulse is poor. It is
anticipated that some time may have to be spent redesigning the modulator
to meet our requirements.
B. MAGNETRON RESEARCH
1. Mode Stability
Tests are under way to investigate the electronic conductance and
susceptance of the QK-61 magnetron as functions of r-f voltage between
vanes, and the relationship of the results to mode stability.
2. Noise Properties of the Pre-Oscillating Magnetron
Work toward construction of a tube which will allow measurement of the
noise generated in the pre-oscillating cavity magnetron, while at the same
time allowing unimpeachable measurement of the anode current, is still
hindered by severe mechanical and metallurgical problems.
As a result of the work of Twiss, it has been determined that the cut-
off-magnetron space charge may have two essentially different forms, depend-
ing on whether or not the cathode can supply the current density necessary
to support the charge required by the applied potential difference without
the appearance of an accelerating field at the cathode. The cutoff magne-
tron can accordingly be described as space-charge or temperature-limited.
In the case of a space-charge-limited tube, the double streaming of
different classes of electrons can apparently give rise to regenerative
fluctuations in the potential minimum which has been shown to exist near
the cathode. This will give rise to a space-charge oscillation in the
zero mode of the magnetron which should disappear abruptly as the tempera-
ture of the cathode is reduced; and the potential minimum disappears with
the onset of the temperature-limited state.
A coaxial tube without radial cavities is being constructed to search
for and to study the characteristics of this effect. In particular, it
should allow a unique check on the validity of the theory and a quantita-
tive check on the calculation of the radial and circulating currents in
the space-charge-limited cutoff magnetron.
The theoretical work on noise generated in a space charge in a magnetic
field has been completed and will be published as a technical report.
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